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GHIRUPHGSDWWHUQ+HUHIRXUWDUJHWSRLQWVDUHDVVLJQHG7KHVWUDLQLVPHDVXUHGEHWZHHQWDUJHWSRLQWDQGDQGWKH
LQVWDQWDQHRXV ZLGWK RI WKH JDXJH VHFWLRQ LV PHDVXUHG EHWZHHQ WDUJHW SRLQW  DQG  ,Q RUGHU WR DVVXUH XQLIRUP
ORDGLQJZLWKRXWDQ\EHQGLQJRIWKHJDXJHUHJLRQRIWKHULQJVSHFLPHQWZRVWUDLQJDXJHVDUHJOXHGDWHDFKHQGRIWKH
JDXJHUHJLRQDVVKRZQLQ)LJE,WZDVIRXQGWKDWWKHVWUDLQJDXJHVJDYHFRQVLVWHQWUHDGLQJVZKLFKDJUHHGZLWK
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$OOWKHLQWHUQDOHGJHVRIWKHULQJVSHFLPHQVDUHVPRRWKHQHGZLWKVDQGSDSHUVRWKDWQRHGJHFRQWDFWEHWZHHQWKH
'EORFN LV SUHVHQW GXULQJ WKH WHVW ,Q RUGHU WR UHGXFH IULFWLRQ WKH'EORFNV DQG WKH LQWHUQDO VXUIDFH RI WKH ULQJ
VSHFLPHQZHUH OXEULFDWHGZLWK$PEHUJOLGH37)( OXEULFDQWZKLFK LV DPXOWLSXUSRVH OXEULFDQW FRQWDLQLQJ7HIORQ
PLFURSDUWLFOHVNQRZQWRSURGXFHVPRRWKFRQWDFWZLWKDORZIULFWLRQ
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+HQFHWKHWUXHWDQJHQWLDOVWUDLQLVQRZJLYHQE\
  mln eIH     
,Q)LJWKHWDQJHQWLDOIRUFHܨథLVSORWWHGYHUVXVWKHHQJLQHHULQJWDQJHQWLDOVWUDLQ݁థIRUREWDLQHGH[SHULPHQWDOO\
DQG IURP )(0 ZLWK GLIIHUHQW IULFWLRQ FRHIILFLHQWV ,W VKRXOG EH PHQWLRQHG KHUH WKDW WKH HQJLQHHULQJ VWUDLQ݁థ
REWDLQHGIURP)(0LVGHWHUPLQHGZLWKH[DFWO\WKHVDPHSURFHGXUHDVLQWKHH[SHULPHQWVRXWOLQHGDERYH$VVKRZQ
WKH)(0UHVXOWVZLWKDIULFWLRQFRHIILFLHQWRIߤ ൌ ͲǤʹͷPDWFKHVWKHH[SHULPHQWDOUHVXOWVFORVHO\7KH)(0UHVXOWV
SHUWDLQLQJWRIULFWLRQOHVVFRQGLWLRQVߤ ൌ ͲǤͲDUHDOVRSORWWHGLQ)LJ


)LJ7DQJHQWLDOIRUFHܨథYHUVXVHQJLQHHULQJWDQJHQWLDOVWUDLQ݁థ
(YLGHQW E\ )LJ  WKH IULFWLRQ HIIHFW LV GRPLQDQW DQG QHHGV WR EH DFFRXQWHG IRU +HUH WKH IULFWLRQ HIIHFW LV
DFFRXQWHGIRUWKURXJKDSRVWSURFHVVLQJSURFHGXUHRIWKHH[SHULPHQWDODQG)(0UHVXOW7KHYHUWLFDOVKLIW LQIRUFH
LQWURGXFHGLQWKHORDGYVVWUDLQFXUYHGXHWRIULFWLRQLVHVWLPDWHGE\FRPSDULQJWKH)(0UHVXOWVߤ ൌ ͲǤʹͷZLWKWKH
IULFWLRQOHVVFXUYHߤ ൌ ͲǤͲUHVSHFWLYHO\7KHGLIIHUHQFHLQIRUFHLVGXHWRWKHIULFWLRQDVVRFLDWHGZLWKWKHWHVWVHWXS
DQG WKHFRUUHFWHGH[SHULPHQWDO WDQJHQWLDO IRUFH LVREWDLQHGE\VXEWUDFWLQJ WKLVGLIIHUHQFHIURPWKHH[SHULPHQWDOO\
REWDLQHGGDWD+HQFHWKHFRUUHFWHGWDQJHQWLDOIRUFHܨథ LVJLYHQE\
       FEM . FEM .ExpF F F FP PI I I I       
7KH WUXH WDQJHQWLDO KRRS VWUHVV LV QRZ JLYHQ E\ WKH FRUUHFWHG WDQJHQWLDO IRUFH DQG WKH LQVWDQWDQHRXV FURVV
VHFWLRQDUHDܣRIWKHJDXJHOHQJWKDV
 F / AI IV    
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7KHLQVWDQWDQHRXVFURVVVHFWLRQDUHDLVJLYHQE\      z rA w t e e   DVVXPLQJ r ze e DVZDVHVWDEOLVKHGLQ
>@JLYHV   
 zA w t e  ZKHUH݁௭LVWKHFKDQJHLQZLGWKDQGLVPHDVXUHGH[SHULPHQWDOO\EHWZHHQWDUJHWSRLQW
DQG7KHLQLWLDOWKLFNQHVVDQGZLGWKDUH   w t  PP
)LJXUHVKRZVWKH tangential WUXHVWUHVVREWDLQHGIURPHTQYHUVXVWKHWUXHtangentialVWUDLQREWDLQHGIURP
HTQIRUWKH$O7ULQJVSHFLPHQ7KHaxialWUXHVWUHVVVWUDLQIRU$O7REWDLQHGIURP>@LVDOVR
SORWWHGIRUUHIHUHQFH $VVKRZQ WKH tangentialDQGaxial WUXHVWUHVVVWUDLQFXUYHVDJUHHPDUNHGO\ZHOO LQGLFDWLQJ
WKDW WKH$O 7 SLSHV KDYH LVRWURSLFPHFKDQLFDO EHKDYLRU0RUHRYHU WKH GHYHORSHG H[SHULPHQWDO SURFHGXUH
ZLWK LWVSRVWSURFHVVLQJVWHSZKLFKFRUUHFWV IRU WKH IULFWLRQ LVDQDFFXUDWHPHWKRGIRUGHWHUPLQLQJ WKH WDQJHQWLDO
WUXH VWUHVVVWUDLQ EHKDYLRURI SLSHV7KLV LV SDUWLFXODUO\ FRQILUPHGE\ WKH IDFW WKDW WKH SURFHGXUHJLYHV FRQVLVWHQW
UHVXOWVIRUERWKWKHWHVWVHWXSV'%DQG5'ZLWKYHU\JRRGDJUHHPHQWZLWKWKHD[LDOVWUHVVVWUDLQFXUYH


)LJ7DQJHQWLDODQGD[LDOWUXHVWUHVVVWUDLQFXUYHVIRU$O7SLSHV

&RQFOXVLRQV
,QWKLVVWXG\DPHWKRGWRGHWHUPLQHWKHWDQJHQWLDOWUXHVWUHVVVWUDLQEHKDYLRURISLSHVLVGHYHORSHG,WLVIRXQGWKDW
IULFWLRQ LVSUHVHQWDQGKDVDVXEVWDQWLDOHIIHFWRQ WKHPHFKDQLFDO UHVSRQVHRI WKH ULQJ WHVW%\XVHRI)(0LWZDV
IRXQGWKDWWKHWHVWKDVDIULFWLRQFRHIILFLHQWRIߤ ൌ ͲǤʹͷ7KHIULFWLRQHIIHFWLVDFFRXQWHGIRUE\DSRVWSURFHVVLQJ
SURFHGXUHRIWKHH[SHULPHQWDOUHVXOWV:LWKDLGRIWKH)(0UHVXOWVWKHVKLIWLQIRUFHDVVRFLDWHGIULFWLRQLVVXEWUDFWHG
IURPWKHH[SHULPHQWDOUHVXOWV5HODWLRQVDUHGHULYHGIRUGHWHUPLQLQJWKHWUXHWDQJHQWLDOVWUDLQDQGWKHWUXHWDQJHQWLDO
VWUHVVZKLFKJDYHYHU\UHOLDEOHUHVXOWVDJUHHLQJZHOOZLWKD[LDO WUXHVWUHVVVWUDLQFXUYH7KHH[SHULPHQWDOPHWKRG
UHSRUWHGKHUHLQLVDSSOLFDEOHIRUGHWHUPLQLQJWKHWUXHVWUHVVVWUDLQFXUYHVIRUSLSHV>@DQGH[SDQGDEOHWXEXODU>
@
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$FNQRZOHGJHPHQW
7KHDXWKRUVZRXOGOLNHWRDFNQRZOHGJHWKHILQDQFLDOVXSSRUWRIWKLVZRUNSURYLGHGE\$EX'KDEL1DWLRQDO2LO
&RPSDQ\$'12&DQGWKH3HWUROHXP,QVWLWXWHXQGHUWKHJUDQW5$*6
5HIHUHQFHV
>@ $6706WDQGDUG7HVW0HWKRGVDQG'HILQLWLRQVIRU0HFKDQLFDO7HVWLQJRI6WHHO3URGXFWV$D
>@ &URQH'*&ROOLQV/(%LDQ<.:HEHU37KH(IIHFWRI6DPSOH)ODWWHQLQJRQ<LHOG6WUHQJWK0HDVXUHPHQWLQ/LQH3LSH3URFHHGLQJVRI
WKH$VPH,QWHUQDWLRQDO3LSHOLQH&RQIHUHQFH9RO
>@ $6706WDQGDUG7HVW0HWKRGIRU$SSDUHQW+RRS7HQVLOH6WUHQJWKRI3ODVWLFRU5HLQIRUFHG3ODVWLF3LSHE\6SOLW'LVN0HWKRG'

>@ :DQJ+%RXFKDUG5(DJOHVRQ50DUWLQ37\VRQ:55LQJKRRSWHQVLRQWHVW5+77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
>@ $UVHQH6%DL-$QHZDSSURDFKWRPHDVXULQJWUDQVYHUVHSURSHUWLHVRIVWUXFWXUDOWXELQJE\DULQJWHVW-RXUQDORI7HVWLQJDQG(YDOXDWLRQ

>@ *DUFtD -- 5DQJHO & *KDYDPL. ([SHULPHQWVZLWK ULQJV WR GHWHUPLQH WKH DQLVRWURSLF HODVWLF FRQVWDQWV RI EDPERR &RQVWUXFWLRQ DQG
%XLOGLQJ0DWHULDOV
>@ 'LFN&3.RUNROLV<30HFKDQLFVDQGIXOOILHOGGHIRUPDWLRQVWXG\RI WKH5LQJ+RRS7HQVLRQ7HVW ,QWHUQDWLRQDO-RXUQDORI6ROLGVDQG
6WUXFWXUHV
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@ %DUVRXP,.KDQ)0RONL$6HLEL$'XFWLOH)DLOXUH0RGHOOLQJRI([SDQGHG$OXPLQLXP7XEHV:LWK(PEHGGHG&LUFXODU+ROHV$60(
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